SUMMARY Electromyographic single motor unit recordings were used to study the axonal conduction velocity and the axonal refractory period of 60 motor units in patients with severe motor neuron disease. Eighteen per cent of the motor units had abnormally low axonal conduction velocity probably due to secondary degenerative changes. Thirty-two per cent of the motor units had abnormally long axonal refractory period but normal conduction velocity. Whether this reflects a primary disease mechanism or secondary changes remains to be established.
Maximal motor and sensory conduction velocities of peripheral nerve trunks are usually normal in motor neuron disease. Only in late stages with significant muscle atrophy is there mild slowing of the maximal motor conduction velocity.' This is usually attributed to loss of alpha motor axons. The pathogenesis of motor neuron disease is unknown. Whether there is a primary neuronopathy or a primary axonopathy or both is debated (see refs 2 and 3) . No data about the physiological properties of single alpha motor axons in motor neuron disease are available.
Previously the axonal conduction velocity and the axonal refractory period have been determined for~~~~~~~~~~~s ingle motor units in normal man.4-In the present study these parameters were studied in single motor units of patients with motor neuron disease.
Materials and methods
Seventeen patients aged 35-72 years with typical, sporadic motor neuron disease were studied. Disease duration was 1/2-3 years. All patients had signs of generalised lower motor neuron involvement with fasciculations and muscle atrophy.
Electromyographic recordings were made by conventional bipolar needle electrodes (DISA 9013 K0802). The recordings were selective enough to permit identification of single motor unit potentials even at maximal voluntary effort and after supramaximal electric nerve stimulation. This was due to the loss of motor units and the increased fibre density of the remaining ones. The motor unit poten-tials were amplified and displayed on a Medelec oscilloscope (No. 4329) and recorded on Kodak Linograph direct print paper. Electrical shocks, 0-2 ms in duration, were delivered proximally to the peroneal nerve close to the fibular head and distally at the ankle. Surface electrodes, 0-6 cm in diameter were used. The cathode was placed over the nerve and the anode 2-3 cm medially or lateraly to the cathode. Stimulus strength could be gradually changed from 0 to 100 mA. The needle electrode was adjusted so that the test motor unit potential could be identified in sustained maximal voluntary contraction. The effort was then reduced until the motor unit no longer discharged and the electrical stimuli were delivered. Stimulus strength was 10% above the resting threshold level. The motor unit identity at proximal and distal stimulation was confirmed by the blocking experiment (point 2 below).
(1) One nerve stimulus was delivered proximally and one distally, the latency difference was calculated and the axonal conduction velocity determined.
(2) One proximal and one distal stimulus were delivered coupled to each other. The proximal testing stimulus was initially delayed 10-15 ms to permit the distally evoked, antidromic propagated nerve impulse to pass the proximal test point before stimulation there. The stimulus interval was then reduced until the second evoked motor unit potential disappeared due to blocking at the proximal, testing, point during the refractory period after the antidromic impulse. By comparing the shortest stimulus interval without blocking with the previously determined latency difference (point 1 above), the axonal refractory period after an antidromic propagated nerve impulse was calculated.5 (3) Paired electrical stimuli were delivered to the nerve at the proximal stimulus point. The stimulus interval was initially 10 ms and then reduced until the second evoked motor unit potential disappeared in an all-or-none manner due to blocking at the stimulus point during the axonal refractory period. By defining the shortest stimulus interval without blocking, the axonal refractory period after a conditioning electrical nerve stimulus was determined.6 349
Further, the interval between the evoked motor unit responses was measured at each stimulus interval and the shortest motor unit response interval was determined.6 When the identification of the second evoked motor unit potential was difficult, because of peripheral blocking, a distal nerve stimulus was introduced (cf. Results).
Room temperature was 23-250C. Skin temperature pf the lower leg and the foot was carefully controlled and held at 32°C by a Disaheater (DISA, Electronic, Skovlunde, Denmark).
Results

AXONAL CONDUCTION VELOCITY
Sixty motor units were investigated in the 17 patients. In each patient 1-10 motor units were studied. Figure 1 shows the axonal conduction velocities of the 60 motor units together with corresponding data from normal subjects. 4 motor unit response interval ranged from 3-5 to 7-5 ms. For six motor units the interval was longer than 5 ms which was never observed normally. Three of the six motor units had an abnormally long axonal refractory period at the proximal test point while the other three had refractory periods within normal limits. All six had normal axonal conduction velocity. Figure 3 shows the individual mean values of the shortest motor unit response intervals and the axonal conduction velocities for seven patients together with corresponding data from normal subjects.6 The mean value for the patient data, 5-55 + 1-55 ms, was significantly longer than the corresponding value in normal subjects, which was 4-2 0-30 (p < 0-01).
For 35% (7/20) of the motor units significant peripheral blockings occurred at stimulus intervals shorter than 5 ms. Figure 4 shows the recordings of a motor unit when paired electrical stimuli were delivered proximally. Figure 4A shows that when the stimulus fig 4D, the second response disappeared due to blocking during the axonal refractory period at the test point. Thus, the axonal refractory period for this motor unit was 3*0 ms.
The axonal refractory periods following a conditioning electrical stimulus ranged from 1-8 to 3-5 ms. For 30% (6/20) of the motor units the refractory period was longer than 3 ms which was observed in only 5% (2/27) of normal motor units.7 The mean value was 2-69 + 0-61 ms. This was longer than the corresponding value in normal subjects, which was 2-38 0-24 ms, but the difference was not statistically significant.
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